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c e r e v i s i a e  a n d  t r e a t e d  s p e n t  s o r g h u m  a t  4 . 0 g / I  0 0  m l ,  t h e  o p t i m u m  p e r i o d  o f  f e r m e n t a t i o n ,  I  I ' "  d a y  o f  f e r m e n t a t i o n  w a s  
d e t e r m i n e d .  T h e  o p t i m u m  c o n c e n t r a t i o n  o f  s p e n t  s o r g h u m  f o r  p r o t e i n  e n r i c h m e n t  w i t h  S .  c e r e v i s i a e  w a s  7 . 5 g / l  0 0  m i .  T h e  
p r o t e i n  c o n t e n t  o f  u n f e r m e n t e d  s o r g h u m  (  4 . I - 4 . 5 %  o f  d r y  m a t t e r )  i n c r e a s e d  s i g n i f i c a n t l y  o n  I I ' "  d a y  o f  f e r m e n t a t i o n  f o r  a l l  t h e  
i s o l a t e s  (  J  0 . 0  - I 2 . 5 %  o f  d r y  m a t t e r ) .  T h e  e t h e r  e x t r a c t  c o n t e n t  o f  t h e  u n f e r m e n t e d  s p e n t  s o r g h u m  a l s o  i n c r e a s e d  f r o m  2 . 0 %  t  
6 . 0 %  d u r i n g  f e r m e n t a t i o n  b y  S .  c e r e v i s i a e ,  C a n d i d a  A  I  a n d  C a n d i d a  A 2  r e s p e c t i v e l y .  T h e  c r u d e  p r o t e i n  a n d  t h e  e t h e r  e x t r a c  
c o n t e n t s  o f  f e r m e n t e d  s p e n t  s o r g h u m  a r e  c o m p a r a b l e  t o  t h e  l e v e l s  f o u n d  i n  m o s t  a n i m a l  f e e d s  a v a i l a b l e  i n  t h e  m a r k e t .  S o .  
i n c l u s i o n  o f  t h i s  n u t r i t i o n a l l y  e n r i c h e d  b y p r o d u c t  i n  a n i m a l  d i e t  m a y  b e  r e c o m m e n d e d  p r e c e d e d  b y  a n i m a l  t r i a l s .  
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1 9 9 5 ;  D a s i l v a  e t  a l . ,  1 9 8 7 ;  W a i n w r i g h t ,  1 9 9 2 ;  D a n i y a n  e t  a / . , 2 0 0 0 )  .  C a n d i d a  y e a s t  w a s  c u l t i v a t e d  f r o  
a l k a n e  w i t h  a  g r o w t h  r a t e  c o m p a r a b l e  t o  t h a t  o b t a i n e d  f r o m  g l u c o s e  a n d  w i t h  a  c o n v e r s i o n  f a c t o r  o f  I  0 0  
d r y  y e a s t  p e r  1  O O g .  o f  p a r a f f i n  c o n s u m e d  ( D a s i l v a  e t a ! . ,  1 9 8 7 ) .  
M a i z e ,  ( Z e a m a y s ) ,  g u i n e a  c o r n  ( S o r g h u m  g u i n e a )  a n d  m i l l e t  (  P e n i s a t u m  A m e r i c a n a )  c o n s t i t u t e  t h e  m a j  
c r o p s  i n  N i g e r i a  ( O y e n u g a ,  1 9 6 8 ) .  T h e s e  a r e  u s e d  f o r  m a k i n g  a k a m o ,  a  p o p u l a r  l o c a l  d r i n k .  O n  d r y  
b a s i s  m i l l e t  h a s  t h e  h i g h e s t  p r o t e i n  c o n t e n t  f o l l o w e d  b y  s o r g h u m  a n d  m a i z e  b u t  t h e  r e v e r s e  i s  t h e  s i t u a t i  
f o r  t h e  s o l u b l e  c a r b o h y d r a t e  c o n t e n t  o r  t h e  t o t a l  a s h  c o n t e n t .  M i l l e t  g r a i n  h a s  t h e  h i g h e s t  o i l  c o  
c o m p a r e d  t o  m a i z e  a n d  s o r g h u m .  A n  a t t e m p t  w a s  m a d e  h e r e  t o  i m p r o v e  t h e  p r o t e i n  c o n t e n t  o f  
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crushed sorghum, the residue obtained during akamo production, using yeast isolates namely 
Saccharomyces cerevisiae and Candida sp . 
Materials and Methods 
Collection and Preparation of samples 
Spent Sorghum residue 
Sorghum (Sorghum guineanse) was purchased from Bosso Market, Minna, Nigeria. Five hundred grams 
of clean sorghum was soaked for 12 hours. The fermented sorghum after drainage was milled and sieved. 
After sieving, the filtrate was kept for akamo production and the residue was sundried and kept in oven for 
6 hours at 60°C. The dried residue was kept under dry condition for further use. 
Microbial strains used 
Dried yeast (source: Vahine Professional , France) was used as the source of S cerevisiae. 
Morphological and biochemical tests were also done to identify S cerevisiae. 
Candida sp. AI and Candida sp. A2 were isolated from two I ocal drinks namely B urukutu and N ono 
using the procedure described by Hudson and Sherwood, (1997). S. cerevisiae and the isolated Candida 
strains were maintained on PDA slants for further use. 
Preparation of ferment at ion sample 
Five hundred milliliter of distilled water was added to 20 g of dried sorghum residue and boiled until the 
residue became semisol id and was autoclaved at 126°C for I 0 minutes and allowed to coo l at room 
temperature. After autoclaving, two portions slurry of the sorghum res idue at concentration of I Og/1 OOml 
and 50g/1 OOml with water were made for fennentation processes. 
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te, MgS04.7H20- 0.2; NaCl- 0.1; NH4Cl 2.5; KH2P04 1.2; Na2HP04- 0.05; FeCl 3 -0.05; MoS04- 0.1, difco 
es, yeast extract- 0.1, CuS04-0.I. pH 5.1) in a 100 ml conical flask. A loopful of culture from a slant of S. 
·ch cerevisiae was inoculated into the medium and incubated for 72-96 hours at 30°C. 
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$ i l a s ,  D u n a h  a n d  D e  ( 2 0 0 4 )  N i g .  J .  B i o t e c l m .  1 5  ( I )  
2 4  
p H ,  d r y  m a t t e r  a n d  c r u d e  p r o t e i n  c o n t e n t  d e t e r m i n a t i o n :  
p H ,  d r y  m a t t e r  a n d  p r o t e i n  c o n t e n t  w e r e  d e t e r m i n e d  a t  d i f f e r e n t  t i m e  i n t e r v a l s  o f  t h e  f e m 1 e n t a t i o n .  p H  
w a s  d e t e r m i n e d ,  u s i n g  a  p H  m e t e r .  
F o r  t h e  d e t e r m i n a t i o n  o f  d r y  m a t t e r ,  t h e  s a m p l e s  a t  d i f f e r e n t  t i m e  i n t e r v a l s  w e r e  w a s h e d  t h r e e  t i m e s  w i t h  
s t e r i l e  d i s t i l l e d  w a t e r  a n d  f i l t e r e d .  T h e  s o l i d  r e s i d u e  w a s  d r i e d  t o  c o n s t a n t  w e i g h t  u s i n g  a n  o v e n  a t  6 0 ° (  
a n d  t h e  w e i g h t  o f  t h e  d r y  m a t t e r  w a s  f i n a l l y  d e t e r m i n e d  u s i n g  a  m e t i e r  b a l a n c e .  
T o  d e t e r m i n e  t h e  c r u d e  p r o t e i n  c o n t e n t ,  t o t a l  n i t r o g e n  c o n t e n t  w a s  d e t e r m i n e d  u s i n g  K j e l d a h l  m e t h o d  a n d  
t h e  c r u d e  p r o t e i n  c o n t e n t  w a s  d e t e r m i n e d  b y  m u l t i p l y i n g  t h e  v a l u e  b y  6 . 2 5  ( B e r m n e r ,  1 9 6 5 ) .  
O p t i m u m  s l u r r y  c o n c e n t r a t i o n  
O p t i m u m  s l u r r y  c o n c e n t r a t i o n  f o r  p r o t e i n  e n r i c h m e n t  w a s  d  e t e n n i n e d  u s i n g  d i f f e r e n t  c o n c e n t r a t i o n s  o f  
s p e n t  s o r g h u m  s l u r r y ;  2 . 5  g / 1 0 0  m l ,  5 . 0  g / 1 0 0  m l ,  7 . 5 g / 1 0 0  m l  a n d  1 0  g / 1 0 0  m l  i n  f e m 1 e n t a t i o n  m e d i u m .  
F e r m e n t a t i o n s  o f  s p e n t  s o r g h u m  r e s i d u e s  w i t h  S .  c e r e v i s i a e  a n d  C a n d i d a  A l  a n d  C a n d i d a  A l .  
F e r m e n t a t i o n s  w e r e  c a n i e d  o u t  i n  2 5 0  m 1  E r l e n m e y e r  f l a s k s  c o n t a i n i n g  5 0  m l  o f  t h e  f e n n e n t a t i o n  m e d i u m  
i n o c u l a t e d  w i t h  5  m l  i n o c u l u m .  D u p l i c a t e  f l a s k s  w e r e  u s e d  f o r  e a c h  i s o l a t e .  T h e  f l a s k s  w e r e  t h e l l  
i n c u b a t e d  a t  2 7 ° C  f o r  1 2  d a y s .  
A t  d i f f e r e n t  t i m e  i n t e r v a l s ,  p H  ,  d r y  m a t t e r ,  a n d  c r u d e  p r o t e i n  c o n t e n t  w e r e  d e t e m 1 i n e d .  T h e  m o i s t u r e  
c o n t e n t ( % ) ,  t h e  f a t  c o n t e n t ( % )  a n d  t h e  a s h  c o n t e n t ( % )  w e r e  d e t e m 1 i n e d  a s  d e s c r i b e d  
b y  A . O . A . C  ( 1 9 8 0 ) .  
R e s u l t s  
T h e  r e s u l t s  o f  t h e  o p t i m u m  c u l t u r a l  c o n d i t i o n s  f o r  f e r m e n t a t i o n  u s i n g  S .  c e r e v i s i a e  i s  a s  s h o \ \ ' n  
i n  T a b l e  1 .  
T a b l e ! :  D e t e r m i n a t i o n  o f  o p t i m u m  f e r m e n t a t i o n  p e r i o d  u s i n g  S .  c e r e v i s i a e  
F e r m e n t a t i o n  p e r i o d  
( d a y s )  
0  
5  
7  
1 1  
1 5  
p H ,  d r y  m a t t e r  a n d  p r o t e i n  c o n t e n t  o f  s l u r r y  
p H  
D r y  m a t t e r ( % )  P r o t e i n ( % )  
5 . 1 0  2 . 3 8  2 . 0  
3 . 5 0  
1 . 7 8  4 . 5  
3 . 3 0  1 . 2 3  6 . 4  
3 . 2 2  0 . 9 5  
7 . 2  
2 . 8 8  0 . 7 5  
6 . 2  
L pH 
·d and 
msof 
limn . 
edium 
~ then 
Jisture 
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There is a decrease in pH and dry matter as fermentation proceeds. The crude protein content 
(%) increases to a maximum on the 11th day of fermentation and begin to decrease from the I i" 
day. The lith day period was then chosen as the optimum cultural condition for fermentation. Statistical 
analysis using Pearson correlation coefficient (c) showed that protein concentration increases as dry matter 
concentration decreases and it is significant at p ofF at 0.05 (cis -0 .94 at p ofF 0.05). 
The optimum concentration of spent sorghum slurry for fermentation (see Table 2) was 7.5%. 
Table 2: Determination of optimum concentration of spent so'rghum for protein enrichment by S. 
cerevisiae 
*SP fermentation period (days) 
(%) 
#Ot" 5th i" 11th 1i" 
D p D p D p D p D p 
-------------------------------------------------------------------------------------------------------------------
0 2.0 1.9 1.9 2.2 2.5 
2.5 2.38 4.0 2.29 4.5 2.20 5.8 2.10 6.4 2.00 6.0 
5.0 3.08 4.5 2.89 7.5 2.65 5.4 2.40 8.5 2.40 9. 0 
7.5 3.21 5.0 2.95 8.6 2.80 10.2 2.38 12.0 2.34 12.2 
10.0 3.48 5.6 3.00 7.5 2.75 9.0 2.45 10.2 2.02 10.8 
* SP- spent sorghum #D- Dry matter(%) P- Protein content(%) 
Protein production is significantly related to concentration of spent sorghum slurry (c is 0.88 for Y11 clay, 
0.90 fort" and 11th days, and 0.93 at li" day at p ofF 0.05). 
The results of pH, dry matter, protein and fat, contents of fennented spent sorghum residue with S 
cerevisiae, Candida A 1 and Candida A2 at different days of fennentation were as shown in Tables 3, 4 
and 5). 
I  : ; r  ===-~ 
S i l a s ,  D u n a h  a n d  D e  ( 2 0 0 4 )  N i g .  J .  B i o t e c l m .  1 5  ( I )  
2 6  
T a b l e  3 :  D r y  m a t t e r  a n d  p r o t e i n  c o n t e n t  o f  s p e n t  s o r g h u m  a t  d i f f e r e n t  t i m e  o f  f e r m e n t a t i o n  u s i n g  
d i f f e r e n t  y e a s t  i s o l a t e s  
Y e a s t  s t r a i n  u s e d  * f e r m e n t a t i o n  p e r i o d  ( d a y s )  
# 0  
5 t h  
7 t h  
1 1 t h  
1  i
1 1  
D  
p  
D  
p  
D  
p  
D  
p  
D  
p  
S .  c e r e v i s i a e  
3 . 1 2  4 . 1 0  2 . 7 5  9 . 2  2 . 3 9  1 1 . 0  1 . 4 0  1 2 . 5  1 . 3 0  I  2 . 7  
C a n d i d a  A I  3 . 3 8  4 . 3 0  2 . 9 6  5 . 9  2 . 5 0  9 . 0  1 . 8 5  1 0 . 0  1 .  7 0  1 0 . 0  
C a n d i d a  A 2  3 . 4 8  4 . 5 0  2 . 8 3  7 . 5  2 . 4 2  8 . 5  1 . 5 0  9 . 0  1 . 4 2  9 . 1  
*  D - d r y  m a t t e r ( % ) ,  P - p r o t e i n  c o n t e n t ( % )  
T a b l e  4 :  S t a t i s t i c a l  a n a l y s i s  s h o w i n g  t h e  r e l a t i o n s h i p  o f  o r g a n i s m s  i n  c a s e  o f  p r o t e i n  p r o d u c t i o n .  
* O r g a n i s m  
S c  
C a l  
C a 2  
P r o b .  o f F  
S . E  
L . S . D  
* P r L s m e a n  
9 . 9 0  
7 . 8 4  
7 . 7 2  
0 . 0 5  
0 . 4 4  
1 . 8 2 6 6  
'  
D a y s  P r  L S m e a n  
0  
4 . 3 0  
5  
7 . 5 3  
7  
9 . 5 0  
1 1  1 0 . 5 0  
1 2  1 0 . 6 0  
0 . 0 5  
0 . 5 6  
1 . 4 1 4 9  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
* S c - S a c c h a r o m y c e s  c e r e v i s i a e ,  C a l  - C a n d i d a  A  I  ,  C a 2 - C a n d i d a  A 2  
P r L s m e a n  - P r o t e i n  L S m e a n  
'  
S i l a s ,  
T h e  
a r e  
T a b  
u s i  
.  5 .  
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The results of the ash content, pH and fat content of fermented sorghum residue with 'the different isolates 
are as shown in Table 5. 
Table 5: pH, fat and ash content of spent sorghum at different time of fermentation 
using different yeast isolates 
Yeast 
isolate 
!* fermentation period (days) 
7th 12th 
p f a p f a p f a p f a 
S. cerevisiae 3.88 4.0 1.5 3.95 6.0 1.4 3.22 6.0 1.4 3.20 6.2 1.3 
Candida AI 2.96 4.0 1.5 3.34 5.0 1.4 3.30 5.8 1.3 3.33 6.0 1.2 
Candida A2 2.88 4.0 1.5 2.75 6.0 1.5 2.65 6.2 1.4 2.60 6.6 1.4 
* p, f and a represent pH, fat content(%) and ash content(%) . 
The values of pH, fat(%) and ash content(%) of spent sorghum on 0 day of fem1entation are 
5.1 0, 2.0 and I. 7 respectively. 
There was a general decrease in the, pH, ash and fat contents in all the fem1entation media. 
Discussion 
Yeasts are nutritionally good sources of protein and B vitamins. Production of protein using different 
Yeast strains, e.g. S. cerevisiae and Candida uti/is fermentation on wastes may be associated with better 
economics because of their ability to assimilate a wide variety of carbon and nitrogen compounds under 
relatively simple fem1entation conditions. Candida arborea and Oidium lactis also have been utilized to 
produce feed yeast on a commercial scale (Casida, 1984). By applying recycling method biomass of 
Pleurotus ostreatus have been produced using refinery effluent as substrate and the preliminary result has 
certified the high nutritional value (22%) and the complete safety when tested on animals ( De and 
Oyeleke,2000). 
Optimal conditions for yeast production vary with the yeast employed and the substrates used. Grain 
wastes like rice wastes, sorghum, millet wastes generally are sources of carbohydrate which literally mean 
simple sugars and disaccharides, maltose and hexose. Nitrogen is added in the fom1 of ammonium salts . 
S i l a s ,  D u n a h  a n d  D e  ( 2 0 0 4 )  N i g .  J .  B i o t e c h n .  1 5  ( I )  
2 8  
T h e  o p t i m u m  p H  s h o u l d  b e  k e p t  o n  t h e  a c i d  s i d e  u s u a l l y  4 . 5  a n d  6 . 0 .  I n  t h i s  s t u d y ,  u s i n g  S .  c e r e v i s i a e ,  t h e  
o p t i m a l  c o n d i t i o n s  f o r  f e r m e n t a t i o n  w e r e  d e t e m 1 i n e d .  T h e  p H  r a n g e  w a s  f o u n d  t o  b e  b e t w e e n  5 . 0 - 5 . 1  
a n d  t h e  o p t i m u m  p e r i o d  o f  f e r m e n t a t i o n  w a s  o n  t h e  1 1 t h  d a y  o f  f e r m e n t a t i o n .  T h e r e  i s  d e c r e a s e  i n  p r o t e i n  
c o n t e n t  o f  s p e n t  s o r g h u m  o n  1 5
1
h  d a y  o f  f e m 1 e n t a t i o n .  T h i s  d e c r e a s e  i n  p r o t e i n  c o n t e n t  m a y  d u e  t o  c e l l  
l y s i s .  T h e  c o n c e n t r a t i o n  o f  f e r m e n t a b l e  s u g a r  i s  m a i n t a i n e d  a t  a  l e v e l  n o t  h i g h e r  t h a n  t h a t  n e c e s s a r y  f o r  
g o o d  y i e l d  o f  c e l l s .  T o o  l i t t l e  s u b s t r a t e s  e n c o u r a g e  a l c o h o l  p r o d u c t i o n  r a t h e r  t h a n  g r o w t h ,  a n d  t o o  m u c h  
f a v o r s  i n c r e a s e d  r e s p i r a t i o n  a n d  h e a t  r e d u c t i o n  a n d  h e n c e  l o w e r e d  y i e l d  f  t h e  y e a s t  c e l l s .  T h e  o p t i m u m  
c o n c e n t r a t i o n  o f  s p e n t  s o r g h u m  r e s i d u e  w a s  7 . 5  g m / 1  0 0  m l  o f  f e r m e n t a t i o n  m e d i u m .  T h e  d r y  m a t t e r  
c o n t e n t  o f  s p e n t  s o r g h u m  r e s i d u e  w a s  d e c r e a s i n g  d u r i n g  f e r m e n t a t i o n  b y  S .  c e r e v i s i a e ,  C a n d i d a  A  1  a n d  
C a n d i d a  A 2 .  T h i s  m i g h t  b e  d u e  t o  t h e  c o n s t a n t  u t i l i z a t i o n  o f  n u t r i t i o n a l  m a t e r i a l s  ( m a i n l y  c a r b o h y d r a t e )  
b y  t h e  y e a s t  i s o l a t e s  a n d  a l s o  p r o b a b l y  a s  a  r e s u l t  o f  l o s s e s  o f  o r g a n i c  m a t e r i a l s  i n  g a s e o u s  f o r m s  d u r i n g  
f e r m e n t a t i o n  ( E d w a r d ,  1 9 9 0 ) .  C r u d e  p r o t e i n  c o n t e n t  o f  u n f e r m e n t e d  s p e n t  s o r g h u m  r e s i d u e  w a s  4 . 1 - 4 . 5 %  
o f  d r y  m a t t e r .  T h i s  v a l u e  i n c r e a s e s  s i g n i f i c a n t l y  d u r i n g  t h e  f e r m e n t a t i o n  p r o c e s s  w i t h  a l l  t h e  t h r e e  i s o l a t e s .  
N o t e w o r t h y ,  h o w e v e r ,  i s  t h e  h i g h  v a l u e  o f  p r o t e i n  c o n t e n t  ( 1 2 . 5 %  o f  d r y  m a t t e r )  o b t a i n e d  f r o m  
f e r m e n t a t i o n  w i t h  S .  c e r e v i s i a e .  T h i s  l e v e l  o f  p r o t e i n  i s  a d e q u a t e  f o r  n o r m a l  g r o w t h  a n d  p r o d u c t i o n  o f  b o t h  
l a y e r s  a n d  b r o i l e r s '  c h i c k e n  ( O y e n u g a ,  V . A .  ( 1 9 6 8 ) .  U s i n g  C a n d i d a  A l  a n d  C a n d i d a  A 2 ,  t h e  l e v e l  o f  
p r o t e i n  i s  I  0 %  a n d  9 . 1 %  o f  d r y  m a t t e r  r e s p e c t i v e l y .  H o w e v e r ,  m o d i f y i n g  t h e  p h y s i o - c h e m i c a l  p a r a m e t e r s  
f o r  f e r m e n t a t i o n  a n d  p r o p e r  n i t r o g e n  s u p p l e m e n t  m a y  i n c r e a s e  t h e  p r o t e i n  c o n t e n t  o f  f e r m e n t e d  s p e n t  
s o r g h u m  r e s i d u e .  E t h e r  e x t r a c t  i s  2 %  o f  d r y  m a t t e r  f o r  t h e  u n f e m 1 e n t e d  s p e n t  s o r g h u m  r e s i d u e .  T h i s  v a l u e  
i n c r e a s e d  f r o m  2 %  t o  6 %  d u r i n g  f  e n n e n t a t i o n  w i t h ,  S .  c  e r e v i s i a e ,  C a n d i d a  A  1  a n d  C a n d i d a  A  2 .  T h i s  
v a l u e  w a s  c o m p a r a b l e  t o  e t h e r  e x t r a c t  c o n t e n t  o f  m o s t  a n i m a l  f e e d  s t u f f s  e x c e p t  t h o s e  o f  o i l  s e e d s  a n d  
a n i m a l  o r i g i n  ( O y e n g u a ,  1 9 6 8 ) .  T h e r e  w a s  a  g e n e r a l  d e c r e a s e  i n  t h e  a s h  c o n t e n t  o f  u n f e n n e n t e d  s p e n t  
s o r g h u m  r e s i d u e  d u r i n g  f e m 1 e n t a t i o n  w i t h  t h e  i s o l a t e s .  
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